Introduction {#Sec1}
============

There are many people who are currently alert of the outburst of COVID-19, which was recognized in China in December of 2019. As of this conformation, each continent has been influenced by this profoundly infectious disease, with about million cases analyzed in more than 200 nations around the world. The reason for this episode is another infection, known as the extremely intense respiratory disorder coronavirus 2 (SARS-CoV-2). On February 12, 2020, WHO named this disease coronavirus. The rapid spread of coronavirus COVID-19 is of great interest and has the attention of governments, medical doctors and public/private health organizations because of its high rate of spreading and the significant number of deaths that occurred specially in China, Italy, Iran, USA, UK, Turkey, Pakistan, and India. In the meantime, many doctors, mathematicians, pharmacists, biologists and chemists are trying to study the behavior of COVID-19, which is a pandemic initiated from China \[[@CR1]\]. Actually, this virus was initiated from Wuhan, China. This is a vector transmission because its required source is in the form of human-to-human spread. It means the vector for this disease is people; so far all the governments restricted the people to keep distance from each other but the public is careless in this situation. On the mathematical side, the authors applied modified SIR (susceptible, infected and recovered), SEIR (susceptible, exposed, infected and recovered) and SIRS (susceptible, infected and recovered, susceptible) models to determine the actual number of infected by COVID-19, and specific burdens on isolation wards and intensive care units, similarly, using different scenarios for how to control the quick spread of this viral disease. Nesteruk \[[@CR2]\], studied the SIR model for control of this pandemic. But there is no one until now who could control this virus. If we make the contact rates very small it will show the best effect on the further spreading of COVID-19, so for this purpose all governments take action for in terms of the household effect. For the estimation of the final size of the coronavirus epidemic, Batista \[[@CR3]\] presented the logistic growth regression model. Many researchers discussed this COVID-19 in different models in integer and in fractional order, see \[[@CR1]--[@CR17]\], because of many applications of fractional calculus, stochastic modeling and bifurcation analysis \[[@CR18]--[@CR26]\]. For the more realistic models, several authors studied the stochastic models by introducing white noise \[[@CR27]--[@CR31]\]. The effects of the environment in the AIDS model were studied by Dalal et al. \[[@CR27]\] using the method of parameter perturbation. Stochastic models will likely produce results different from deterministic models every time the model is run for the same parameters. Stochastic models possess some inherent randomness. The same set of parameter values and initial conditions for deterministic models will lead to an ensemble of different outputs. Tornatore et al. \[[@CR28]--[@CR30]\] studied the stochastic epidemic models with vaccination. In this work, they proved the existence, uniqueness, and positivity of the solution. A stochastic SIS epidemic model containing vaccination is discussed by Zhu et al. \[[@CR31]\]. They obtained the condition of the disease extinction and persistence according to noise and threshold of the deterministic system. Similarly, several authors discussed the same conditions for stochastic models; see \[[@CR32]--[@CR39]\].

To study the effects of the environment on spreading of COVID-19 and make the research more realistic, first we formulate a stochastic mathematical COVID-19 model. Then sufficient conditions for extinction and persistence are examined. Furthermore, the threshold of the proposed stochastic COVID-19 model is determined. It plays an important role in mathematical models as a backbone, when there is small or large noise. Finally, we show the numerical simulations graphically with the aid of MATLAB.

The rest of the paper is organized as follows: Sect. [2](#Sec2){ref-type="sec"} is concerned with the COVID-19 model with random perturbation formulation. Section [3](#Sec3){ref-type="sec"} is related to the unique positive solution of proposed model. Furthermore, we investigate the exponential stability of the proposed model in Sect. [4](#Sec4){ref-type="sec"}. The persistent conditions are shown in Sect. [5](#Sec5){ref-type="sec"}. Finally, we conclude with the results and outcomes of the paper in Sect. [6](#Sec6){ref-type="sec"}.

Model formulation {#Sec2}
=================

In this section, a COVID-19 mathematical model with random perturbation is formulated as follows: $$\documentclass[12pt]{minimal}
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In deterministic form the model ([1](#Equ1){ref-type=""}) is given by $$\documentclass[12pt]{minimal}
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Existence and uniqueness of the positive solution {#Sec3}
=================================================
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Theorem 3.1 {#FPar1}
-----------
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Proof {#FPar2}
-----

Since the coefficient of the differential equations of system ([1](#Equ1){ref-type=""}) are locally Lipschitz continuous for $\documentclass[12pt]{minimal}
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Extinction {#Sec4}
==========

In this section, we investigate the condition for extinction of the spread of the coronavirus. Here, we define $$\documentclass[12pt]{minimal}
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Persistence {#Sec5}
===========

This section concerns the persistence of system ([1](#Equ1){ref-type=""}).

Theorem 5.1 {#FPar6}
-----------
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Numerical simulation {#Sec6}
====================

For the illustration of our obtained results, we use the values of the parameters and the variables given in Table [2](#Tab2){ref-type="table"}. Table 2Values of variables and parameters for numerical solutionVariables and parametersValues of variables and parameters*S*(*t*)59*I*(*t*)40*R*(*t*)30*Λ*0.008*β*0.002*μ*0.001*γ*0.02011*ρ*0.0045*δ*0.001

Now for the numerical simulation, we use Milstein's higher order method \[[@CR40]\]. The results obtained through this method are shown graphically in Fig. [1](#Fig1){ref-type="fig"} for both deterministic and stochastic forms. Figure 1Graphs of (S) susceptible community using a deterministic method (green line) and from a stochastic solution (blue line), (I) infected people by coronavirus using a deterministic method (green line) and from a stochastic solution (blue line) and (R) recovered using a deterministic method (green line) and from a stochastic solution (blue line). The stability of stochastic graphs shows a better expression than deterministic graphs

Conclusion {#Sec7}
==========

In this work, a formulation of a stochastic COVID-19 mathematical model is presented. The sufficient conditions are determined for extinction and persistence. Furthermore, we discussed the threshold of proposed stochastic model when there is small or large noise. Finally, we showed numerical simulations graphically with the help of software MATLAB. The conclusions obtained are that the spread of COVID-19 will be under control if $\documentclass[12pt]{minimal}
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